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PRESSURE DISTRIBUTION INDUCED ON A FLAT PLATE AT

A FREE-STREAM MACH NUMBER OF 1.39 BY ROCKETS

EXHAUSTING UPSTREAM AND DOWNSTREAM I

By Abraham Leiss

SUMMARY

An experimental investigation was made of the pressures induced on

a flat plate at a free-stream Mach number of 1.39 by a supersonic rocket

jet exhausting upstream and downstream. Measurements of the pressure

distribution on a flat plate were made at zero angle of attack for

ii different locations of the Jet exhaust nozzle beneath the wing.

Measurements were made at ratios of rocket-exit total pressure to free-

stream static pressure from 6 to 60 and at a Reynolds number per foot of
f

approximately i0 × i0°. The rocket when exhausted upstream produced a

strong shock that moved further upstream with increasing rocket-exit

total-pressure ratio. Positive incremental normal-force coefficients

were obtained at all test positions. Data at ii test positions are

tabulated for rocket-on and rocket-off pressure coefficients as well as

for incremental pressure coefficients for the 48 orifices of the flat

plate for the range of ratio of rocket-exit total pressure to free-stream

static pressure of the investigation. Changing the location of the

model with respect to the plate had a negligible effect when the rocket

was varied in the chordwise direction, but the pressure coefficients

were reduced as the rocket was lowered away from the flat-plate wing.

INTRODUCTION

The Langley Pilotless Aircraft Research Division has been conducting

investigations on the effect of propulsive jets on lift; drag_ and pressure

distributions on flat-plate wings and airplane configurations. The major-

ity of the investigations of this type have been made with jet-exhaust

parameters which are characteristic of turbojet engines (for example,

refs. i to 4). The effects on the flat plate from a rocket jet exhausting

perpendicular to the free stream and parallel to the flat plate were

iSupersedes recently declassified NASA TM X-129 by Abraham Leiss,

1959.



published in reference 5. An initial report on a rocket jet exhausting
upstream at a free-stream Machnumber of 2.0 beneath a flat surface was
presented in reference 6. The present investigation deals with the
pressure distributions and loads induced on a flat plate at a free-stream
Machnumber of 1.39 by rocket jets of design Machnumber 3 exhausting
upstream and downstreamat zero angle of attack for various positions
with respect to the plate.

The ratio of rocket total pressure to free-stream static pressure
varied from 6 to 60 and the free-stream Reynolds numberper foot was
approximately i0 X 106. The tests were madein the preflight jet of
the NASAWallops Station.

SYMBOIS

A area, sq in.

A,B,...K location of exhaust nozzles or test designations

ACN incremental normal-force coefficient, FN_n - FN'f

q.AT

Cp pressure coefficient, Pw - P_
q_

£_Cp = Cp, n - Cp,f

D diameter, in.

M Mach number

FN normal force, ib

P static pressure, ib/sq in.

Pt rocket-chamber total pressure, Ib/sq in.

Pt

P_
rocket-exit total-pressure ratio

q
T 2

dynamic pressure, _p M , ib/sq in.



R radius, in.

specific-heat ratio (for air 7 = 1.4; for rocket mixture

7 = 1.22)

x chordwise distance from nacelle exit (positive in direction of

rocket Jet), in.

y spanwise distance from nacelle center line, in.

Subscripts :

e jet exit

f jet off

n Jet on

T nozzle throat

w wing

free stream

APPARATUS

The tests were made in the preflight Jet facility of the NASA

Wallops Station. A 27 - by 27-inch nozzle producing a free-stream Mach

number of 1.39 was used for these tests. The experimental technique used

in this investigation was, first, to mount a flat plate in a free Jet

blowdown wind tunnel; then a strut-mounted solid-propellant rocket motor

was located below the flat surface and ignited during the test. Static

pressures on the flat plate were measured to determine the effect of the

jet. Photographs of the rocket nacelle mounted in 2 of the ii test posi-

tions beneath the flat plate at the exit of the 27- by 27-inch nozzle are

shown as figure i.

A sketch of the rocket nacelle with its principal dimensions is

shown in figure 2. The body of the rocket nacelle had a frontal area of

5.411 square inches with an overall length of 20.9 inches. The exit

area A e and the throat area A T of the convergent-divergent supersonic

rocket nozzle were 2.238 and 0.350 square inches, respectively. The exit

Mach number M e was 3.0 and the value of 7 at the exit was 1.22. The

rocket nacelle was mounted on a solid hexagonal-shaped support strut.

The leading edge of the strut was swept back from the rocket nacelle at



a 25° angle and was tapered in plan form from 6 inches at the rocket
nacelle to 12 inches at the mounting base 19.5 inches below the rocket
nacelle.

Figure 3 shows the location of the rocket nacelle with respect to
the wing and preflight-jet nozzle exit for the ii test positions. The
flat plate shownin figure _ is described in reference 2.

INSTRUMENTATION

The rocket-chamber pressure was measuredfor all of the tests. The
location of this pressure orifice is shownin figure 2. The position of
46 static-pressure orifices (O.06-inch inside diameter) on the wing is
shownin figure _. The free-stream total pressure and the stream static
pressure were measured1/2 inch upstream from the exit of the preflight-
jet 27- by 27-inch nozzle.

All the pressures were recorded by electrical pressure transducers
of the strain-gage type in conjunction with an oscillograph. A lO-cps
timer correlated all the time histories. Shadowgraphs3 which were made
at an exposure of approximately 0.009 second, were obtained by using a
carbon-arc light source and a translucent glass screen.

TESTSANDMETHODS

The lower surface of the wing was rigidly mountedat zero angle of
attack 8.3 inches above the center line of the preflight-jet nozzle_
which located the wing in the Machdiamond. Tests were madewith the
rocket nacelle in ii positions, as shownin figure 3. The vertical
plane of the rocket (in every test) was alined with the center line of
the flat plate (plane of orifices i to 12). At all positions the rocket
nacelle was at angles of attack and yaw of 0° with respect to both the
wing surface and the center line of the preflight jet.

The tests were madeby first starting the Mac_number1.39 preflight
jet and recording rocket-off data at equilibrium conditions and then
firing the rocket and recording rocket-on data. The combustion-chamber
pressure varied with the burning of the rocket. The variation of rocket
pressure with time was similar during each of the tests. The total firing
time of the rocket was approximately 0.6 second. A typical rocket
pressure-time curve is presented in figure 5.



ACCURACY

By allowing for an instrument error of i percent of full-scale
range_ the probable error of the data obtained is believed to be within
the following limits:

Cp,f .............................. ±0.02

Cp,n .............................. ZO.02

Pt/P_ ............................. _0.5o

M= ............................... _-0.02

RESULTS _D DISCUSSION

Downstream Firing

Four tests were made with the rocket firing downstream. These

tests were made to supplement the data of reference 2. The results are

tabulated in tables I to III (tests A, B, C, and D). Table l(a) includes

the rocket-off pressure coefficients. Tables ll(a) to ll(d) present the

rocket-on pressure coefficients and tables lll(a) to lll(d) give the

increraental rocket pressure coefficients. Rocket total-pressure ratios

up to 60 were obtained by the use of rockets, whereas in reference 2

air jets produced jet total-pressure ratios of only 15.

Figure 6 presents the variation of incremental pressure coefficients,

for test position A, with orifice location along the rocket center line

for rocket total-pressure ratios of i0, 90, and 50. As in reference 2,

the maximum incremental pressure coefficients increased with increased

pt/p _. Figure 7 shows the effect of vertical distance from the flat

plate at a rocket total-pressure ratio of 50. As the rocket e_:it was

moved away from the plate_ the initial pressure rises occurred on the

plate at a greater distance from the exit. This result conforms with

that in appendix A of reference 9.

A comparison with reference 2 at the same exit static-pressure

ratios indicated that the magnitude of the induced pressures on the flat

plate was about the same even though the exit total-pressure ratios

were approximately i0 times greater.
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Upstream Firing

Rocket-off pressure coefficients.- The jet-off pressure coefficients

are given in table l(b). Typical jet-off curves are shown in figure 8,

which presents the variation of rocket-off pressure coefficient with ori-

fice location for test positions E, F, G, and J. The rocket nacelle in

position E has an interference effect on the portion of the plate above

the nacelle. As the rocket is lowered, this interference is reduced as

indicated by the reduction in positive rocket-off pressure coefficients

on the plate for position E to position F (fig. 8) and appears to be non-

existent at both positions G and J because the pressure coefficients at

these positions are, for all practical purposes_ identical. The shadow-

graphs in figure 9 illustrate the position of the Jet-off shock waves in

relation to the flat-plate wing. At test positions E and H the jet-off bow

shock intersects the flat plate near the trailing edge. At test position F

the bow shock barely intersects the edge of the flat plate and at test

positions G, I_ J, and K the bow shock misses the flat plate completely.

Rocket-on pressure coefficients.- The experimental jet-on pressure

coefficients for individual orifice locations at all test positions for

integer values of rocket total-pressure ratio are given in table II. In

figure i0 the ehordwise variation of Jet-on pressure coefficients for

test positions E, F, and G is presented at four spanwise positions as a

function of distance from the rocket exit x/D T at a rocket total-

pressure ratio of 46.

The greatest disturbance along the nacelle center line in figure 10(a)

occurred at test position E (4.985DT) which was the closest position to

the flat plate. This maximum pressure disturbance moved toward the wing

trailing edge and was reduced in magnitude as the rocket jet was moved

further away from the wing to positions F and G. This effect is not as

obvious in the comparison of the different spanwise positions presented

in figures lO(b), 10(c), and lO(d). A possible reason for this is the

separation of the wing boundary layer. There is some evidence of boundary-

layer separation as indicated by the shadowgraphs (fig. ii) because the bow

shock splits up into a lambda-leg formation at the intersection with the

plate lower surface. Shadowgraphs of the flow field about the rocket exit

at various test positions for a Jet-on total-pressure ratio of 45 are pre-

sented as figure ii. Note that the bow shock, from the Jet-off position,

has moved upstream to the forward position of the rocket jet exhaust. An

explanation of the mixing phenomena is given in reference 6.

Figure 12 presents the variation of rocket-on pressure coefficients

with rocket total-pressure ratios for various orifices located on the

rocket center line for test position E. Since the higher rocket-exit

total-pressure ratio causes the bow shock to move upstream, the Jet-on

pressure coefficients would be expected to increase and decrease as

illustrated in figure 12.
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Figure 13 illustrates the chordwise variation of jet-on pressure

coefficients with distance from the rocket exit x_D T at a rocket total-

pressure ratio of 46 for test positions F, I, and J at four spanwise posi-

tions. Figure i0 shows the effect of pressure distribution as the rocket

is moved vertically away from the plate; figure 13 shows the effect on the

pressure distribution as the rocket is moved away parallel to the plate

and in the direction of the airstream. The rise in positive pressure

begins at approximately the s_ne distance from the rocket exit in figure i_

regardless of the position of the wing trailing edge. This means that the

forward penetration of the bow shock is not affected by the wing trailing

edge. The reduction in pressure on the wing between position F and posi-

tion J can probably be attributed to the effects of the variation in wing

trailing edge with respect to the rocket exit and its effect upon the

local flow conditions on the wing.

Incremental Pressure Coefficients

Incremental pressure coefficients ACp were obtained by subtracting

the jet-off pressure coefficients Cp,f from the jet-on pressure coeffi-

cients Cp, n. The incremental pressure coefficients are an indication of

the magnitude of the jet effects as obtained from the respective test posi-

tion. Figure 14 presents the chordwise variation of incremental pressure

coefficients at four spanwise stations for test positions E, F, G, I, J,

and K at a rocket-exit total-pressure ratio of _6. As shown in the figure,

the maximum pressure disturbance due to the bow shock is at about 7DT to

9D T away from the rocket exit. Although the _imes of _Cp vary, the

pressure distributions follow for the different test positions a similar

pattern, with the exception of that of test position E. The rocket in

test position E is close enough to the flat plate to cause disturbances

other than the bow-shock disturbances to the plate. The incremental

pressure coefficients for the complete range of rocket-exit total-pressure

ratios are presented for all test positions in table III.

No_nal-Force Coefficients

By using the method of reference 3, _CN was obtained by integration

and was plotted in figure 15 as a function of rocket-exit total-pressure

ratio for test positions F, G, and J. In reference 7, the loads due to

the exhausting jet were confined to the area of the plate covered with

pressure orifices. The tests described herein were made with the jets

exhausting upstream, causing the exhaust effects to cover a larger area

than instrumented. The incremental normal-force coefficient is presented

as an indication of the normal-force interference only in that part of

the interference flow field covered by the plate. Since the greater part

of the normal force of test F was past x_D T of 11.228, no comparison

between test positions of £C N can be made. In general, _C N increased



as the rocket-exit total-pressure ra%io was increased. Positive incre-
mental normal force on the wing was obtained at all test posit ions.

CONCLUSIONS

Experimental studies have been madeat a free-stream Machnumber
of 1.59 with an exit Machnumberof _.0 of a supersonic rocket jet
exhausting parallel to a flat-plate surface for exit total-pressure ratios
from 6 to 60 in the direction of the free stream and i$0 ° to the free-
stream flow. Results of this investigation are summarizedas follows:

i. Although the rocket-exit total-pressure ratios of the rocket
exhausting downstreamwere i0 times higher than the jet-exit total-
pressure ratios of NACAResearchMemorandumLSDLI_ the oressure coeffi-
cients on the flat plate were of the samemagnitude when cow,paredat
equal Jet-exit static-pressure ratios.

2. The maximumpressure coefficients on the flat-plate wing with
the rocket exhausting upstream occurred with the rocket exit located at
4.985 rocket throat diameters away from the wing and this maximumvalue
was reduced as the rocket exit was movedfurther away from the wing.

3. Whenthe rocket exit was varied in the chordwise direction at
a constant vertical distance, a negligible change in jet effects occurred.

4. A study of the shadowgraphsof the flat plate shows that the bow
shock split into a lambda leg on the lower olate surface_ thus indicating
separation of the boundary layer in this region.

5. Positive incremental normal force on the wing was obtained at all
test positions; the incremental normal force increased with increasing
rocket total-pressure ratios.

Langley Research Center,
National Aeronautics and SpaceAdministration,

_ngley Field, Va., August 27, 1959.
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TABLE I .- VALUES QF JET-OFF PRESSURE COEFFICIENTS FOR

ALL WING ORIFICE POSITIONS

(a) Downstream firing

Orifice

ordinates

15.719

14.596

13.473

12.350

11.228

10.105

8.982

7.859

6.737

5.614

4.491

3.368

15-719

14.596

13.473

12.35o

11.228

10.1o5

8.982

7.8_9

6.737

5.612

4.491

3.368

15•719

14.996

13.473

12.35o

11.228

iO.lO5

8.982

7.859

6.737

p.614

4.491

15.719

i4.5)6

13.473

12.35o

11.228

io.io5

8.982

7.859

15.719

14.596

13.473

12.350

15.719

-0.037

- .019

-.002

.014

• 038

.058

.o81

.079

.046

-.o54

-.169

-. 173

at test position -

B C

-0. 009 -0. o16

-.009 -. OO3

-.O09 .010

-.009 -.093

.058 -.066

• 033 -.05i

-. 108 -. 019

-. 085 .0i4

-.o63 .045

-.037 .053

-. o04 •O40

.017 .042

Orifice

ordinates

×/_ w'Dm

8.982 o

7.859 o

6.737 o

5-614 o

4.491 0

5.568 o

2.246 o

1.125 0

0 0

-1.123 0

-2.246 0

-3.368 o

i.497

i.497

i.497

1.497

1.497

1.497

i.497

1.497

1.497

1.497

- .o3o

-. 012

- .003
.014

.050

.o52

.o67

•074

.O43

-. o3i
- .014

.O06

.020

.o36

•020

-• 112

-•080

- •061

-.001

. oo7

.004

-.088

- .074

-.O58

-. 025
•012

.050

-. 078 - .o33 .o55

8.982

7.859

6.757

5.6i4

4.491

3.368

2.246

1.123

0

-1.123

i.497

1.497

1.497

i.497

1.497

1.497

1.497

1.497

1.497

1.497

1.497 -.180

1.497 -.169

4.491 .o05

4.491 .o18

4.491 .013

4.491 -.0i2

4.491 •015 i

4.49i .011

4.491 0

4.491 -.102

4.491 -.148

4.491 -.i20

4.491 -.094

7.485 .020

7.485 .o25

7.485 .021

7.485 -.O02

7.485 -.(Do

7.485 -.162

7.485 -.135

7.485 -.114

11.976 -.14o

11.976 ......

11.976 -.117

11.976 -.072

14.221 -.125

.OO5

•O24

-.iTi
.021

.0i9

•O13
-.086

-. 136
-.114

-.085

-. 039

• 002

.045

• 025

.034

-. 012

•024

-.021

-. 114

-. 090

-.O49

-.124

-.072

-.051

- •iii

.058

.053

.057

.067

- .088

-.084

-.087

-.071

-.036

o

.034

.053

.076

.045

-.o67
- .o48

-.035

-.037

-.o54

-.O30
-.004

- .076

-. 021

.OO1

-.o7o

-2.246

-5.568

8.982

7.859

6.737

5.614

4.491

3.368

2.246

1.123

o

-i. 123

-2. 246

8.982

7.859

6.737

5.614

4.491

3.368
2. 246

1.123

8.982
7.859

6. 737

5.614

8,982

1.497

1.497

4.49i

4.491

4.49i

4.49i

4.49i

4.491

4.49i

4.491

4.49i

4.491

4.491

7.485

7.485

7.485

7.485

7.485

7.485

7.485

7.485

11.976

11.976

11.976

11.976

14.221

Cp,f at

test

position

-0. O35

-.023

-.055

-. 077
-.142

-. 168

-. 134

-.067

.014

.039

.039

.061

-. 03o

-. 026

- .072

-.082

-.164

-. 118

- .052
.021

.041

.049

.040

-. O94

-.i3i
- .180

-.161

-. i40

-.102

-.043

.014

.038

.045

.040

-. 155

-. 150

-. 128

-. 099

-.074

•017
- .040

-. 006

-.056

- .029

-. 035

- .016
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TABLE I.- VALUES OF JET-OFF PRESSURE COEFFICIENTS FOR

ALL WING ORIFICE POSITIONS - Concluded

(b) Upstre_ firing

Orifice C _ atteat II _imoe
ordinates t'P°::it i°n - I ordinates

-i.125 I 0 0.i40[ o.oo_I-o.04811_5.614 [ o

o io .2091 .0021-.0_011-4.491L o
1.1231o .129 .o04L-.01811-3.56810
2.246{o -.ooi .oo0{-.0o9H-2.2461o
3._681 o .oo_I "_,_t -.oo711-1.1251o
_,4911 0 -,o081 .006_ - 0i731 o I 0

56141o -.0o31oo91-o15111.123io
6-7371 0 -.0i4[ .002 I -.0O2[I 2.246[ O

7.899 o -.0061 .004 I -.00211 3.368 I 0
8.9821 o -.oo71 .004[ -.oo511 *,.491 o

lO._O_l o -.oo9/ .OOl/ .oOlli 5.614 o
11.228 0 -.005[ 009 - oosIl 6 737 0

-1.125 1.497 .199 .004 ...... II-).614 1.497

0 1.497 .191 .001 -.025 _-4,491 1.497

1.125i I'A97[ .1061 .015 J -.028 11-5.568 1.497

2.246 / i.497 -.0o6 / .o15 / -.015 1[-2.248 1.497
5.368 I i.497 i .0011 .002_ -.007!!-i.123 1.497

4-4911 1.497L-.008 .003 - 010 I 0 1 497
5.614 1.497 -.007[ .009 -.011 1.123 1.497

6.7371 1.4971 .0011 .004 I -.01011 2.246 1.497

7.8_9 I 1.497 [ .005 I .001[ -.005[ I 5.568 1.497
8.9821 1.4971-.001/ .O03L -.0061 4.491 1.497

¢l
10.109 1.497 -.O15/ 0 -.005 l, _.614 1.497

1_L81 3497/-o15!o ! -oo_ 6.737 1497
-±._ _.-911 .i131 0 -.059 -9.614 _.491

0 ! 4.4911 .li6 I -005 I -.026//-4.491 4.491
1.123i 4.491:-.026 I .0031 -.021//-3.568 4.491

2.246 4.491i-.05] I 0 I - 0271[_-2 246 4 _91

3._814.<_11-.0431.00l_-.0>',-1.1234._91
4.49i[ 4 4911-.O40! .002 -.O04 0 4.491

5.614 i 4.491]-.0181 .OO1 -.025 1.112 4.491
6.757 4.491,-.001 .OO5[ -.006 2.246 4.4911

7.859 4.491 .010 .OO9 .008 3.568 4.491

8.9821 4.491 .0061 .O041 .004 I 4.491 4.491

i0.i051 4.491 .0011-.OO1 -.0051 5.614 4.491

-1.1231 7.4891 .052i .005 I -.O22 -9.614 7.4851

0 ! 7.485l-.058 -.001 -.024 I -4.491 7.485
1,123 i 7.4891-.044 .0021 -.027 I-5.568 7.4851

22461r.48<-093!.oo1!-.04011-22_67483i
5.568 7.489_-.o55| .007 ' -.047[ -1.125 7.485
4.491 7._8_i-.05_, .o02 -.055{¢ 0 i 7.4851
9.6141 7.489i-.045i .0051 -.05811 1.123/ 7.4_>1
6.737i 7.485[-.023 / .0051 -.01811 2.246 7.4851

-1.125 11.976 -.057 .O02 -.027 l -_'614111"976j
1.123111.9761-.057[ .0021 -.027 -5.568 11.976

2.246111.9761-.0591 .OOlI -.023II-2.246llX.9761

3 6 114 I00 L.02 ii_ .61 ii4. 211

Cp,f at

test

positlo_

H

-0.085

• 027

-. 052

.075

.i88

.243

. i84

.020

- .004

-. 008

-.001

- .005

-.067
.041

-.025
.066

.181

.175

.106

.15o
-. 010

- .o15

-.007
o

- .005

-. 028

-.057

-.lo9

.145

.150

-.01_

- .004

.004

0

- .002

-.005

.045

.080

.092

.061

-.061

-.(945

-.o25

.094

.oi6

-. 059

.042

Orifi  a test
H ordinates |test I CF,f

ordinates po.;i1 i on -

 77  gT7-[:o.o 5 I 56l 1 o
15,568 I 0 I -.o50 I 6.757[ o -.o25/ -.o27

14.4911 o I -.018 I 7-8591 0 -.0141 -.021

_9.6141 o I -.oo7 I _.9821 o -.onl -.0o5
/6.7571 o I o|1o.lo> I o o / -.OOl
17-8591 0 I -.013 I 11'2281 0 -.0091 -.009

/8.982 I O I -.015 I 12"55°1 0 -.oo1/ -.0o7
11O-lO5 1 o I -.Oii I 15'475 I 0 -.005/ -.004

111'2281 o I -.oo8 I 14"5961 o .ool / -.oo7
[12.550 I 0 ] -.009 I 15.719[ 0 -.0041 -.004

113.4751 o I -.o07 j 16.842] o .o04J .004

114.>_1 o I -.006 I 17.9691 o -.OOl/o
|2.2_91 1.4971 -.o59 I 5.6141 1.197 ...... / -.O4l
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9.614111.9761 -.025 _I 5.614|14.221 -.017[ -.051 1 fIL: °26II 976 .014 .o26
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TABLE III .- VALUES OF I_CR_MENTAL FRESS[/RE COEFFICIENTS FOR WING ORIFICE

POSY[i0NS FOR ROCKET-PRES[URE ft_(!I02, O_ _ _D b0 - Concluded

{k) Test p:sitl n K (u_s_r,zlm f[ri:_g)

30

0 .G3L

.013

•016

•02O

.O06

.007

.O07

.006

.003

-.CO5

.006

-.002

•O20

.018

.o03

.007

•(;05

- .009

-•004

-.003

0

-.OO8

-.004

•002

.o2_

.006

• 006

• 00L

• 009

• 003

• oo9

.0o_

.00_

0

- .001

.007

.013

,012

.oo7

- ,002

.001

,009

0

•004

.00_

0

.006

Press_'e

i
+-- .....

0.01.7 0.081 10.092 0.177 0.2201 0.237 0.2_*0 0,2_, L 0•2_

.0_5 .078 I .09A .179 ._.b_ ._/_. .276 .286 .260

.020 -039 I .062 .i01 ,±_± I .z_1 .2_i .299 .211

.020 .029 I .O90 .O89 ,15b I .197 ,200 .213 .160

•018 .0_ I ,046 .Oc_ .llO I •i_N .143 •199 .148

.OC_ .00_ I .00_ .019 .091 _ .069 .067 .i06 .091

.012 .O03 I .O09 .001 .012 r .025 .O28 .047 .053

.006 .013 I .009 .OO[_ .011 I -.002 .00_ ,012 .011

-.CO1 .O07 I .008 .CO1 .0C_ I -.005 -009 .006 .010

.002 -,OO2 1 -.001 -,004 -.001 I -,005 -.004 -.009 -,001

.004 .OO2 I .OOl -.OO2 .002 I -.00'4 -.ooh -.00_ -.003

.002 .002 I -.002 -.003 .001 I -.COb -.004 -.0040

.0_i .067 ] .0_ .i_ .25_ I .2_1 .2_6 .290 .2L_

•03 _ .059 i .069 .188 .i>>l I .27i .280 .2_6 .269

.01_ .0_0 [ .069 .190 .209 I .2_ .2_43 .262 .260

.017 ,028 I ,06_ .iOl .±_ I .±CO ,19'9 .203 .166

.007 .008 1 .016 .0&2 .07_ I .12_ .136 -159 .i01

-.002 -.010 I -.005 -.00_ .00¢ I .C_b .0,*8 ,098 .024

-.001 --009 I -.001 -.OOl -.UiO I -.U±) -.039 .019 -.011

0 -.002 I 0 -.002 -.002 I -.009 -.006 -.CO1 .O09

-.OOl -.OO_ I -.004 -.00_ -.005 i -.009 ..006 : --003 -.006

-.00'9 -.01_ I -.00'9 -.008 -.007 I -.011 -.012 -.006 -.019

0 ..0OA I -.003 -.004 -.00_ _,..006 -.009 -.009 -.006

.004 .OO21 .002 0 -.001 i -.005 -.00_ -.00_ -.003

,0_2 ,086 I ,102 .I@/. .250 I .2_6 .242 .245

.016 .0_9 I .056 .169 211 I 249 .297 ,269

.01_ ,029 ! ,046 .I05 .i_: .21_ .218 .231

•009 .027 i ,037 .070 ._zr _ ._o_ .166 .169

.008 •010 .Ol_ •02_ .0901 .07_ .100 '. .IO_

.009 .00 z" i .009 .009 .00_ I .Oi< ,0_0 i -047

.00_ .002 I .001 -,004 -._x_, _ 0,004 I ,010

.OO_ .COD I .001 -.001 u , -._z .009

• 009 .001 I -.OC_ -.005 -.UOi I -.00_ .OC_ [ .0C4

0 0 _ 0 0 u , -.uu_ -.001 i -.001

0 -.001 I .001 .002 -.ooi I -,OGD -,006 I -.0o6

.o17 .0_9 I .0_8 .122 .1691 .i_9 .200 I .202

.CO 9 .0_ 9 ] .060 .129 ,it_Ol .197 .219 [ .222

•027 .0_2 I .060 .i02 .1521 ,177 ,162 I ,197

•012 •019 1 .020 .099 .095 I .122 .127 1 .I}9

0 0 I .006 .013 .051 i .003 •0701 .091

.001 .OOl I 0 -.001 .003 I .00_ .OlO I .019

• 009 •009 1 •009 •001 •001 ! -•C_ -•001 I .003

• 003 0 [ -.002 -.003 -•0011 -•00_ -.002 [

.010 •014 I •029 .069 .ION I •12_ .157 I

.0ll ,009 I .014 .02_ .095 1 .Og6 ,I04 1

.009 .002 I o.001 -.001 .005 I .007 .025 I

.009 .011 I .013 .039 .068 I .092 .109 I

I
58 6O

0.2_.40.2_0

.}01 .301

.291 ._01

.289 ._Oi

-236 ,235

• 207 .228

.i_6 .169

.i09 .i0}

.072 .062

.o_7 t .o_

.017 ,017

-.001 -.Cx_

,296 .2_9

•297 .296

.289 .3oo

•279 ,286

•29i .294

• 149 .202

.141 .172

•116 .095

.060 .0_4

,027 ,020

.001 -,028

-.002 -.007

.2_9 ,291 .296 ,241

.252 .274 .289 .269

.202 .2_4 ,289 .282

.192 .209 .277 .278

.110 .129 .252 .2_0

.060 .078 .182 _ .190

.021 .048 ,O@6 -079

.009 .012 .O79 .O63

,002 .004 .092 .0_6

-.004 -.001 .OO1 .OO1

-.0C6 -.0o9 I -.oc5 -.oo0
i

.210 i .220 .233 .227

.219 ' .239 .261 .2_ 7

,186 .212 .262 .263

.124 .185 .292 .2_5

•097 .151 .213 .219

.027 .06_ .147 .197.010 .01_. .0_9 .06_9

.006 .006 .o12

-.002 -.009 -.ool .001_! .0061 .1_6 I

1139 .144 .169 i ,±o_ .1_9 I .183 .179 .176

,118 .ii_ ,1_8 .199 .202 I .22O ,209 .219

.0A9 .0_2 .093 .166 .I_ [ .193 -199i .179

.ilO .12_ .I_2 .i)il .i5oi ,1661 .i68
I

coefficients [':r ruckut-pre_4ur¢ rat.[,, pt/p _ of -

0_41 O5147 94
o.2_8

.274 .307 .311

.247 .322 .330

.210 .320 .3_

.187 .242 .243

.089 .214 .241

.099 .174 •171

,041 .i19 ,124

.014 .099 .072

•003 0 .017

-.002 .001 .009

-.002 -.002 -.001

.293 ._51 .249

•282 ,296 •297

.2_6 .9o9 .)o9

.2c6 t .299 .32o

.i_8 .266 .27_

.OL8 ,203 ,22_

.024 I .199 .197

.024 .ii0 ,i13

-.OOA .011 .0_6

- .013 .012 .002

-.oc6 -.007 -.OC_

-.002 .O01 -,001

.2_,4 .239 .25_

.288 .284 .289

.291 I .2_ [ .296

-274 '..279 i .282

.169 .210

.131 .129 [103

•017 .O97 .Oa6
•005 .007 .012

.009 0 - .CO1

.003252 -.CO6299 - -003.22O .222 .229

.270 .267 "2267_

._i .z>9_ 1267

.21_ I .2201 .211

.i_9 I .iO_ I .157

.098 I .072 I .050
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Figure 8.- Chordwise variation of jet-off pressure coefficients for test

positions E, F_ G, and J.
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Figure 8.- Concluded.
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Test position E

Test position F

Test position G

(a) Test positions E, F, and G. L-59-6016

Figure 9.- Shadowgraphs of the flow field about the rocket exit with Jet

off for test positions E, F, G, H, I, J_ and K.
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Test position H

Test position I

Test position J

Test position K

(b) Test positions H, I, J, and K. L-59-6017

Figure 9.- Concluded.
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Figure i0.- Chordwise variation of jet-on pressure coefficients at posi-

tions E, F, and G for a rocket pressure ratio of 46.
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Distance from rocket

4

rocket exit, x
D T

Fi&-u_re lO.- Concluded.
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(a) Test position E. (d) Test position I.

(b) Test position F. (e) Test position J.

(c) Test position G.
L-59-5100

(f) Test position K.

Figure ii.- Shadowgraphs of the flow field about the rocket exit for a

total-pressure ratio of 45 at test positions E, F, G_ I, J, and K.
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Figure 13.- Chordwise variation of jet-on pressure coefficients at posi-

tions F, I, and J for a rocket pressure ratio of 46.
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Figure 14.- Chordwise variation of incremental pressure coefficient

Cp, n - Cp,f at four spanwise stations for positions E, F, G, I,

J, and K at a rocket pressure ratio of _6.
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